The tireless lifestyle of a foraging honeybee predisposes it to learn and recognise nectar-bearing flowers quickly and accurately, so that it may return to visit them again and again. While there have been many studies documenting the ability of bees to learn and discriminate the colours, shapes and other geometrical properties of objects, we still know relatively little about how these shapes and colours are represented in the bee brain, and about how they are distinguished. A recent study by Lehrer and Campan [1] suggests that the shapes of objects are recognized in terms of the profiles of their outlines.
requirements. If objects are indeed represented in this way, then one way in which the triangle could be distinguished from the circle would be determining which representation produces the better overlap with the image that is currently being viewed, on a pixel-by-pixel basis.
Another possibility is that each object is represented largely in terms of the geometry of its outline, together with a specification of its overall colour [5] . Such a representation would be more economical in terms of memory, as it would only require specification of the positions and orientations of the edges of each object, together with some information on the object's overall colour. With this representation, the triangle could be distinguished from the circle on the basis that the outline of the former shape possesses only three orientations, while the outline of the latter shape possesses all possible orientations.
To examine this question, Lehrer and Campan [1] trained bees to distinguish between a blue square and a yellow square, by associating the blue square with a reward of sugar water. The bees learned this discrimination well. The choice preferences of the trained bees were then tested by presenting them with various pairs of stimuli. It turned out that the bees preferred a blue triangle over a green triangle, and a blue triangle over a violet triangle. Clearly, then, the bees had learnt the colour of the rewarded stimulus, namely, blue, and they were able to choose the object of the correct colour even if it had an unfamiliar shape. But had the bees also learnt the shape of the rewarded stimulus?
To investigate this, the trained bees were tested further by presenting the rewarded shape (square) together with a triangle, a diamond, or a circle. In any given test, the two stimuli in question had the same colour. This colour was blue in one group of tests, yellow in another group and black in a third group. In all of these tests, the trained bees consistently preferred the stimulus that had the correct shape (square). Thus, during the training (blue square versus yellow square), the bees had learnt not only the colour of the rewarded stimulus (blue), but also its shape (square) -although they were not being trained specifically to discriminate shapes. And in the tests they were able to choose the correct shape regardless of the colour of the object, thus suggesting (though not proving) that they were using just the outlines of the objects to analyse their shape.
Can bees, trained to distinguish between two differently shaped objects, continue to distinguish between these objects when they are of a novel colour or texture? This question was investigated in another series of experiments in which bees were trained to distinguish between a black diamond and a black circle, by rewarding them on the diamond (Figure 1) . The bees learned this discrimination well. The trained bees were then subjected to a series of tests in which they were offered a choice between the diamond and the circle, presented in a range of different colours and textures. In several Figure 1) . In each case, the trained bees showed a strong and significant preference for the correct shape (diamond). Clearly, the bees were able to recognize the correct shape irrespective of the colour or texture of the object or the background. This strongly suggests (but does not prove conclusively) that the bees were evaluating the shapes by using only the information that was available at the boundary between the object and the background. It was only the boundary that was invariant across all of the test stimuli. Case (F) is particularly interesting: Here the object is camouflaged against the background and is visible only because the image of the object moves against the image of the more distant background as the bee approaches the object. The object 'pops out' because of the abrupt change in image motion that occurs at the boundary between the object and the background.
This test reveals that bees can recognize previously learnt shapes even when the shapes are visible only through the motion contrast that is present at their boundaries -there is no contrast in intensity or colour between the object and the background. Here again, there is the strong likelihood that the analysis of shape was based exclusively on the information at the object's boundary, because the object had the same appearance as the background (although its image moved at a different speed on the retina). It is noteworthy that, in all of the tests, the preference for the diamond was at least as strong as with the training stimuli, and in some cases, it was even stronger. This makes it unlikely that the specific internal colours or textures of the training stimuli played a role in the analysis of the shapes of the test objects.
It would have been interesting to examine, in a further test, the trained bees' preferences when they were offered outline versions of the diamond and the circlesay, black outlines on a white background. In such a test, the information about each object would be restricted exclusively to the boundaries (see [6] , for example, where an analogous experiment is described).
The new study by Lehrer and Campan [1] thus offers provocative evidence in support of the notion that the visual system of the bee does not store the images of learned objects in their entirety. Rather, it extracts features -namely, the profile of the object's boundary, and some information on the overall colour or texture of the object. The object is represented in a compact and caricatured form, as in a cartoon. An economical representation of this kind would allow more objects to be memorized. It may also expedite the process of recognition, as it would require fewer comparisons to be made between the object that is being viewed, and its representation in memory. These advantages are likely to come at a price, however, because information on the internal detail of the object is likely to be sparse. Thus, the system may not be able to distinguish between objects that have similar outlines, colours and textures, but which differ in 
